The kinetic constants of the site-specific endonuclease Bam HI for various substrates were determined and binding of non-substrate nucleotides to the enzyme was studied. Agarose gel assays 1n combination with an Integrated Michaelis-Menten equation were used for the evaluation of data. The turnover number was 2.2 min at 37°C with pJC80 ONA as the substrate. It depends on the conformation and base composition of the substrate. M1chael1s constants also depend on substrate conformation. Non-substrate polynucleotides were found to inhibit Bam competitively with K. ranging from 10" to 10" M depending on base composition, base pairing, and helix conformation. Dinucleotides showed sequence-specific, competitive inhibition with K,s ranging from 10 to >10" 3 M. Mononucleotides and -nucleosides acted noncompetitively. Binding was Influenced by the extent of phosphorylation, but not by the nature of the base. K,s varied between 10 and 10 M. The results are discussed with respect to the recognition requirements of Bam HI.
INTRODUCTION
Protein-nucleic add recognition 1s a fundamental process in biochemistry but there are only few examples of protein-DNA interactions, like lac operator and DNA-polymerase, which have been studied extensively [1] , whereas the Interaction of restriction enzymes with their specific sequences is poorly understood. Some quantitative data have been published 1n the case of EcoRI [2, 3, 4], The possible importance of non-specific binding as discussed for the lac-repressor [5, Q has scarcely been considered for restriction enzymes. This might have been caused by methodical difficulties. We have recently described a fast assay for the evaluation of kinetic constants of site-specific endonucleases C7]. This approach 1s now applied to studies of Inhibitory non-substrate nucleotides and to compare the kinetics of several substrates. The results reveal some properties of the reaction mechanism of Bam HI.
MATERIALS AND METHODS
Inhibitors and substrates were obtained from the following sources or prepared by the following methods: Dinucleotides from PL Biochemicals, Milwaukee, plasmid DNA according to GOEBEL 6 BONEWALD [9] , X-DNA according to B0VRE & SZYBALSKI [8] , yeast RNA from BDH Biochemicals, Poole Dorset, E.coli 5 S RNA and synthetic polynucleotides from Boehringer, Mannheim, * 6 RNA was a generous gift from G. Gross. Other reagents were of highest, commercially available purity.
The assay and the preparation of Bam have been described previously [7] . The assay mixture contained 10 mM Tris/Cl, pH 7. THE KINETIC MODEL Kinetic parameters of site-specific endonucleases can be determined by the appropriate use and interpretation of the agarose gel electrophoresis assay, as we have shown previously [7] . This approach which uses the simple Michaelis-Menten equation in its integrated form (equ. 1) can easily be adapted to study inhibition patterns.
( 1 . This corresponds to 1.6 min" 1 at 37°C, assuming the same temperature dependence as for pJC80 [7] . Similarly we found k, = 2.2 min' 1 to be the rate limiting step of the reaction with pJC80 as the substrate. This value 1s comparable to that one which was Determined for EcoRI and ColEI [2] .
Before examining any nucleotides for their inhibitory effects on Bam HI we showed that the continuous assay and its Interpretation according to equ. [5]
[25]
[26] [26] Kj should rise, so that specific binding of Bam HI becomes comparable to the value for the lac-repressor.
CONCLUSIONS
Binding to non-specific ONA sites could be as important for Bam HI as for the reaction of repressor with operator. This can be concluded from the similarity of the binding equilibria. RICHTER & EIGEN [6] postulate, that specific binding 1s determined largely by non-specific parameters such as DNA dimension and dissociation/association (I.e. sliding, or hopping -according to v.HIPPEL et al. [5] ) kinetics on non-specific sites. Some predictions of this model of recognition kinetics hold also for the reactions of Bam: a) the enzyme binds non-specif1cally to DNA; b) the enzyme remains bound to x-DNA cutting successively more than one site; c) conformational changes of the substrate influence the kinetic parameters. As for IC,, alterations in non-specific binding could be responsible; d) nonspecific binding depends on base composition and therefore cleavage efficiencies vary from substrate to substrate and from site to site [7, 14] . It would be Interesting to see, if non-specific binding must rather be looked upon as a certain kind of specific binding as proposed by WOODHEAD & MALCOLM [17] .
Not only IC., but also V can be influenced by non-specific binding, n max which is of course impossible in the case of non-enzyme proteins like the lac-repressor. This can be seen, when the idea of competitive binding of non-specific substrate sites 1s applied on equ. Bam strongly binds to double-helical RNA. It is not known if this has any biological importance. But it could be interesting for in vitro purposes such as affinity chromatography etc. The competition experiments with dinucleotides show that Bam binds the bases of its cleavage sequence with different efficiencies. This enables us to find the possible recognition points of the enzyme. However, it must be born in mind that specificity must not necessarily be coupled with stability and may escape detection by the methods used. The results imply that Bam makes many contacts 1n the major groove, which is very rich in specific features of the bases.
